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論文内容要 ヒ三A日
Solid oxide fuel cells (SOFCs) are one of new power generation systems with high energy 
conversion efficiency and low emissions [1 ・3]. Traditional SOFCs operated at high 
temperatures around 1273 K present some problems related to the cost of the materials and 
fabrication. Recently, more attentions have been focused on lowering the operation temperature 
down to intermediate temperatures (873 ・ 1073 K) in order to reduce the cost of cell materials 
[4・5].Mixed ionic and electronic conducting perovskite oxide (La,Sr)(Co,Fe)03 (LSCF) is an 
attractive material as a cathode for intermediate tempera旬re SOFCs. Compared with 
conventional cathodes based on (La,Sr)Mn03 , the performance of the LSCF cathode is better 
even at intermediate temperatures due to its higher catalytic activity as well as good ionic and 
electronic conductivities [6・7]. Its high electronic and oxide ionic mixed conductivity spreads 
the active reaction area not only at the triple phase boundary but also over the cathode surface. 
In addition to the cathodic activity, LSCF is a good current collector compared with other less 
conductive cathode materials [8・ 10]. Such an excellent mixed electronic and oxide ionic 
conduction of LSCF enables its application also to an oxygen permeable membrane. In recent 
years, many researchers have been working on high tempera加re kinetics of oxygen transport 
through LSCF. In those works, often reported was a problem on material stabilities under 
oxygen potential gradients at high temperatures [8・9]. Segregation of some of the constituent 
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elements was found on the high P(02) surfaces and discussed in terms of kinetic decomposition 
or demixing. And they conclude that the changes in the microstructure and phase composition 
particularly near the surfaces do not necessarily result in a dramatic reduction of the membrane 
performance. So, they said that LSCF was stable as oxygen permeable membranes. However, 
quantitative information on the stabilities of LSCF has not been sufficiently provided yet. We 
should know the stability of Lao.6Sr0.4Coo.2Feo.S03-?as a cathode understanding cation diffusion 
in these materials under the SOFC operating conditions. For the practical use of LSCF as an 
SOFC cathode, chemical stability under oxygen potential gradient is highly req山red. On the 
cathode of SOFC, oxygen 企om air is incorporated into the electrolyte. The driving force for the 
reaction is the oxygen chemical potential gradient generated in the electrode layer during 
operation [11] as sketched in Fig. 1. During a long-term operation, the oxygen potential gradient 
may cause kinetic demixing and/or decomposition due to the di百erence in mobility of the 
cations, leading to the compositional and/or mo叩hological changes. Such changes are 
considered to significantly affect the electrode's performance [12). Therefore, knowledge on the 
stability of the electrode materials under an oxygen potential gradient is important to ensure the 
durability and reliability of SOFCs. 
1n this study, the stability of Lao.6Sr0.4CoO.2Feo.S03サ (LSCF6428) is mainly focused on for 
practical use of SOFCs material. 1n order to evaluate long-term stability of LSCF6428, the 
tendency of kinetic demixing and decomposition in LSCF6428 under SOFCs operating 
Figure 1. Schematic ilustration of oxygen chemica1 potentia1 
gradient in the vicinity ofthe cathode/e1ectro1yte interface. 
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conditions and its e百ect on the 
electrode were mainly investigated in 
the present study. The conclusions of 
each chapter are summarized as 
following. 
1n Chapter 2, it is attempted 
to establish the stability of LSCF6428 
as cathode material for SOFC was 
investigated by long-term annealing of 
the sintered pellets with or without 
applying oxygen potential gradients. 
LSCF6428 appeared to be stable under uniform oxygen partial pressure ranged between 10-4 
and 0.21 bar. Oxygen potential gradient caused segregation of cobalt-rich and strontium-rich 
phases on the surface of high p(02) side, suggesting that kinetic decomposition took place. The 
deposited cobalt and strontium rich partic1es had different mo中hology and size. And the 
numbers of partic1e were increased with increasing temperature and oxygen potential gradient. 
The 仕ansport of cation in the LSCF is much faster in the grain boundary than within the grain 
due to the fact that both of the cobalt and strontium oxides precipitated along the grain 
boundary. 
In Chapter 3, this study focuses on the mechanism of morphology and composition 
changes of LSCF6428 under oxygen potential gradient in dry atmosphere for long measuring 
time and in humidified atmosphere conditions. F orthis pu叩ose， the results are combined with 
the previous investigations which lead to a more through description of cation migration 
phenomena in LSCF6428. The following results were obtained in this work: The complex 
oxides containing cobaltliron and lanthanumlstrontium were precipitated on the high p(02) side 
after heat treatment for long measuring time. The each cation migrate to the high P(02) side 
through both grain boundary and grain and would be collected together as a function of time. 
The transport of B-site cation in the LSCF6428 is much faster than A-site cation due to the fact 
that the average size of complex oxides containing cobaltliron was larger and than of complex 
oxides containing lanthanum/strontium. LSCF6428 appeared to be stable under uniform oxygen 
partial pressure in humidified atmosphere. And no precipitation of partic1es at the both 
LSCF6428 surface under the oxygen potential gradient in humidified atmosphere. But 
LSCF6428 surface was covered by secondary phase. Although only humidified atmosphere was 
not affect LSCF6428 but we suggest that secondary phase formed by complex condition of 
oxygen potential gradient and humidified atmosphere. 
In chapter 4, the main concem is chemical stabi1ities of LSCF6428 as an SOFC cathode. In this 
study, electrochemical measurement using LSCF6428 electrode was performed to estimate the 
oxygen potential gradient in the e1ectrode layer and the long time stability test was performed 
by applied potential to know affect on LSCF6428 e1ectrode by overpotentia1. From observed 
i 
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cathode/electrolyte interface at oxygen partial pressure of 10-1 bar. It was indicated that oxygen 
potential gradient will occurred in this zone. The segregation of cation-rich phases in LSCF6428 
electrode, suggesting that kinetic decomposition took place. However, impedance response after 
applying potential showed not changes on the electrode compared with before applying 
potential. The obtained results suggested that segregation of secondary phase in LSCF6428 
cathode is not related to degradation ofthe performance for SOFCs. 
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論文審査結果の要旨
固体酸化物燃料電池は，化石燃料やバイオ燃料などの化学エネルギーを，高効率で電気と熱に変換するシステム
として，家庭用から大規模発電用まで開発が進められてしもが，この梯"Tを本格的に普及させるためには，長期間
の性能の安定性とシステムの信頼性を確保することが不可欠である。耐久性に影響する大きな要因のーっとして，
長期運転の聞における空気極材料の組成変動の可能性があげられている。現在，圏内で商用化が進められている主
要な固体酸化物形燃料電池の空気極材料には，酸素/電子混合導電性を示すペロブスカイト型酸化物である
札a，Sr)(Co，Fe)03 が使われているが，この酸化物は多くの元素から構成されることから，それぞれの元素の拒敢係
数に差がある場合，電極反応が進行するポテンシャル勾配下において組成が動的に分離(恒netic denúxing) ある
いは分解(凶etic decomposition)することが懸念される。これまでに，し、くつかの特殊な条件下での組成不安定化
についての実験例は報告されているものの，それらの間で異なる結果が得られているなど不明な点も多く，系統的
な研究による知識の集積が望まれる。本論文は，この電極材料系のうち最も一般的な組成である
Lao.必m辺句2F剖803-/ìをとりあげ，組成・形状安定性lこ対する酸素ポテンシャル勾配の影響，雰囲気ガスの影響，
さらには，電極として用いられる場合に多孔質層内に動的に生じる酸素ポテンシャル勾配とその影響を，づ車の系
統的な実験によって調べることで，統一的に瑚卒することを目指したものであり，全編5章からなる。
第 1 章は緒論であり，本研究の背景と目的を述べている。
第2章では， Lao.68ro.4C∞2F旬803・ b の焼結体を詐桝として これを均質な雰囲気下およひ鞍素ポテンシャル勾配
下に置し、て鰍曜を施し，走査電子顕微鏡， X鱗蹴分析， X線回折および二次イオン質量分析などの手法を郎、
て，組成の安定性を検討している。この結果，この材料は均質ガス環境下では酸素分圧が lb町から 10-4 bar まで
の範囲内で安定であり第二相の析出などは見られないのに対し酸素ポテンシャル勾配下でl土劇的な表面組成の変
化が生じることを見いだし，さらに各種の解析から，これが粒界拡散を伴う一種の恒neticde∞mposition であると
結論している。この成果は当該材料の瑚平にとって有用な情報で、あり，本論文の全体の基礎となる重要な成果であ
る。
第 3章では，上記第2章の結果を補足し凶etic decomposition の経路を明確にするために，より長時間の実験を
実施して，粒内拡散と粒界の高速輸誌の双方が関与するカチオン輸送経路のモデルを提示している。本章では，さ
らに，雰囲気中に前主する水蒸気の影響も矧面し，水蒸気のみでは試料の分解には至らないものの，酸素ポテンシ
ヤル勾配による kinetic de∞mposition の傾向をよりし、っそう強める効果があることを見いだしている。
第4章では，この材料が実際に電極として用いられる場合を想定して，通電下で多孔質電極内部に生じる酸素ポ
テンシヤルの勾配をインピーダンス測定の結果から概算し，その反応場での kinetic de∞mposition の有無について
長期通電試験によって検証している。この結果，多孔質電極においても粒子内部には急』慶な酸素ポテンシャル勾配
が生じるものの，粒界に沿う経路は比較的均質な場に置かれるために，徹密焼結体の結果から予想されるような分
解は生じにくいことを見いだしている。この成果は，実用的に用いられている電極の紬安安定性lこついて密命的な
裏付けを与えるものであり，実用上重要な成果である。
第5章i訴苗命であり，材命文を総括してし、る。
以上要するに，材命文は，固体酸化物形燃料電池用空気樹寸料の動的分解 (kinetic decomposition) にっし、て，
系統的な実験により明らかにしたものであり，国体酸化物形燃料電池を始めとするエネルギ一変換技術の展開に資
するとともに，環境科学の発展に寄与するところが少なくない。
よって，本論文同専士(穿損料学)の学位論文として合格と認める。
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